We investigate the small-scale conformity in color between bright galaxies and their faint companions in the Virgo cluster. Cluster member galaxies are spectroscopically determined using the Extended Virgo Cluster Catalog (EVCC) and the Sloan Digital Sky Survey Data Release 12 (SDSS DR12). We find that the luminosity-weighted mean color of faint galaxies depends on the color of adjacent bright galaxy as well as on the cluster-scale environment (gravitational potential index). From this result for the entire area of the Virgo cluster, it is not distinguishable whether the small-scale conformity is genuine or is artificially produced due to cluster-scale variation of galaxy color. To disentangle this degeneracy, we divide the Virgo cluster area into three sub-areas so that the cluster-scale environmental dependence is minimized: A1 (central), A2 (intermediate) and A3 (outermost). We find conformity in color between bright galaxies and their faint companions (color-color slope significance S ∼ 2.73 σ and correlation coefficient cc ∼ 0.50) in A2, where the cluster-scale environmental dependence is almost negligible. On the other hand, the conformity is not significant or very marginal (S ∼ 1.75 σ and cc ∼ 0.27) in A1. The conformity is not significant either in A3 (S ∼ 1.59 σ and cc ∼ 0.44), but the sample size is too small in this area. These results are consistent with a scenario in which the small-scale conformity in a cluster is a vestige of infallen groups and these groups lose conformity as they come closer to the cluster center.
INTRODUCTION
The evolution of galaxies is known to be significantly affected by their environment. For example, the fraction of early-type galaxies increases along local number density (e.g. Dressler 1980; Baldry et al. 2006; Park et al. 2007 ; Lee et al. 2010) , while the star formation rate (SFR) and gas content of a galaxy decrease (e.g. Kauffmann et al. 2004; Poggianti et al. 2008) . As a result, the galaxies in dense environments tend to have earlytype morphologies, red colors, and low SFRs. Such trends are generally thought to be related to the acceleration of galaxy evolution by certain mechanisms, such as galaxy interactions in high-density environments.
Galaxy evolution by direct tidal interactions between galaxies is known to be most active in a galaxy group (Perez et al. 2009; Alonso et al. 2012; Paudel & Ree 2014) . Even if galaxies in a group do not interact with one another directly, they evolve within a single halo and thus share their small-scale environment. As a result, the properties of central bright galaxies tend to be closely related to those of their satellites, in their morphologies, colors, and SFRs. This relationship is called "galactic conformity", which was first introduced by Weinmann et al. (2006) . After the first discovery, many subsequent studies found additional evidence supporting this re-lationship. Ann et al. (2008) , for example, reported that the early-type host galaxies tend to have early-type satellites and Kauffmann et al. (2010) showed that the colors of satellites are related to the color of their central galaxy. It has also been reported in several studies that satellite quenching efficiency is connected to the SFR of a central galaxy (Kauffmann et al. 2013; Phillips et al. 2014; Kawinwanichakij et al. 2015; Knobel et al. 2015; Phillips et al. 2015) .
According to Wang et al. (2015) , low-mass galaxies around HI-rich central galaxies tend to have extended gas reservoirs.
In case of a galaxy cluster, various mechanisms are known to considerably influence galaxy evolution. For example, cluster galaxies are affected by interaction with cluster potential (Merritt 1984; Gnedin 2003) , harassment (Moore et al. 1996 (Moore et al. , 1999 , galaxy-galaxy hydrodynamic interaction (Park & Hwang 2009 ), strangulation (Larson et al. 1980; Bekki et al. 2002) and rampressure stripping (Gunn & Gott 1972; Quilis et al. 2000) . However, direct interaction between galaxies is considered to be hardly possible because galaxies have very high relative velocities in a massive cluster. For this reason, small-scale conformity was less expected to be found in cluster environments, and it has been rarely studied whether such small-scale conformity also exists in galaxy clusters.
However, although galactic conformity may be hardly born in cluster environments, galaxy clusters are known to grow by merging many galaxy groups. Thus, if small-scale conformity between bright galaxies and their faint companions remains for some time after a galaxy group falls into a cluster, the conformity may be detected even in cluster environments. Lee et al. (2014) addressed this issue for WHL J085910.0+294957, a cluster at redshift 0.3, based on their observation data using the 2.1 m Otto Struve Telescope and the Camera for Quasars in EArly uNiverse (CQUEAN) at McDonald Observatory. They found that the weighted mean color of companions tends to be marginally redder as their bright host galaxy is redder, whereas it depends neither on the luminosity of the host galaxy nor on the cluster-centric distance. To explain the result, they suggested three scenarios regarding the origin of the smallscale conformity in a cluster: tidal dwarfs, dwarf capture, and vestige of infallen groups. However, the pilot study of Lee et al. (2014) has two major limitations. First, their member selection mostly relied on photometric methods, the reliability of which is not so high. Since the signal of small-scale conformity in Lee et al. (2014) is not sufficiently significant (∼ 2.2 σ significance), the cluster member selection needs to be improved to get results with higher reliability. Second, their observation covered only the central area of the target cluster (< 1 Mpc in diameter). To determine the most reasonable scenario about the origin of the smallscale conformity in a cluster, studies covering more extended areas of clusters are necessary.
The goals of this work are to find the small-scale conformity in another cluster with better member selection and more extended spatial coverage, and to examine the three scenarios. To achieve these goals, we investigate the Virgo cluster using the Extended Virgo Cluster Catalog (EVCC; Kim et al. 2014 ) and the Sloan Digital Sky Survey Data Release 12 (SDSS DR12; Alam et al. 2015) . The structure of this paper is as follows. Section 2 gives information regarding the data set used in this study. Section 3 describes the analysis method and defines additional parameters. Section 4 presents the results, and their implications are discussed in Section 5. The paper is concluded in Section 6.
DATA
This paper is based on the EVCC , which is an extended version of the Virgo Cluster Catalog (VCC; Binggeli et al. 1985) , and was complemented using the SDSS DR7 (Abazajian et al. 2009 ). The EVCC galaxies were selected from a wide region that is 5.2 times larger than the field of the VCC. Kim et al. (2014) improved the morphological classification of the EVCC galaxies by visually checking the multiband images from the SDSS. However, VCC galaxies fainter than r = 17.7 are not included in the EVCC due to the observational limit of the SDSS spectroscopy. A total of 1,589 galaxies with radial velocities less than 3000 km s −1 are selected as Virgo cluster members in the EVCC. Among them, only 913 EVCC galaxies are VCC objects, and the others are newly added by Kim et al. (2014) . The EVCC provides much useful information, such as heliocentric radial velocity and cluster membership, as well as various photometric and structural parameters measured using the Source Extractor (Bertin & Arnouts 1996) , and manually classified morphology. In this paper, coordinates, magnitudes, membership and morphological information of the Virgo galaxies are retrieved from the EVCC. The spectroscopically determined cluster membership information in the EVCC is very helpful to enhance the reliability of our study. The magnitudes are corrected using the foreground galactic extinction map from Schlegel et al. (1998) and the reddening law of Cardelli et al. (1989) by Kim et al. (2014) . To calculate absolute magnitude, we adopt the distance modulus m − M = 31.1 (Jerjen et al. 2004; Mei et al. 2007) . Kim et al. (2014) used the SDSS DR7 for the EVCC, but now the SDSS DR12 is available, which provides more reliable measurements for various parameters by using improved pipelines. Thus, in this paper, we complement the radial velocities of the galaxies using the velocity information from the SDSS DR12 to achieve more convincing membership determination of cluster galaxies. First, we matched the EVCC galaxies with the SDSS DR12 galaxies based on their coordinates. For galaxies without SDSS radial velocities, velocity information from the NASA/IPAC Extragalactic Database 1 was used. After that, the 1 http://ned.ipac.caltech.edu/ Fig. 2 .-Galaxy luminosity function in the rband for the Virgo cluster. The cluster members are divided into bright galaxies and faint ones by a simple cut at -18 mag in the r-band absolute magnitude (red dashed line). 199 members are selected as bright galaxies.
galaxies whose radial velocities seem to be problematic were excluded by visually inspecting the SDSS DR12 images, some examples of which are shown in Figure 1 . Through this visual check, 72 problematic objects were removed. Among 1,517 galaxies with velocity information, 102 galaxies with radial velocities larger than 3000 km s −1 were additionally excluded, because they can hardly be member galaxies of the Virgo cluster. As a result, among the EVCC galaxies, 1,262 galaxies with SDSS radial velocities and 153 galaxies with NED radial velocities are finally used in this paper.
ANALYSIS

Definition of Bright Galaxies and Their Faint Companions
The EVCC provides membership information determined using the Virgo cluster infall model from Praton & Schneider (1994) . The provided membership is classified into genuine and possible members based on the distribution over the phasespace diagram in Figure 4 of Kim et al. (2014) : genuine members within the caustic curve derived from the infall model and possible members out of the caustic curve. Here, we use only 918 genuine members to reduce uncertainty in our analysis.
To investigate small-scale conformity in the Virgo cluster, we define possible groups within the cluster. We first divide the genuine members into bright galaxies and faint ones with a simple cut at -18 mag in the r-band absolute magnitude. The criterion was determined from the bright-end bump in the r-band luminosity function as shown in Figure 2 . The shape of the luminosity function in the Virgo cluster is similar to that in WHL J085910.0+294957 (Lee et al. 2014) , including the existence of the bump.
The bright galaxies are defined as the genuine members with M r ≤ −18. The faint companions of each bright galaxy are defined as the genuine members with M r > −18, which satisfy two additional conditions: within the virial radius of the brht galaxy and velocity dispersion of the expected group. First, the faint galaxies only within the virial radius of a bright galaxy are regarded as its companions in this paper, because the virial radius reflects the boundary to which a galaxy gravitationally influences its companions. Park & Hwang (2009) presented empirical relations between the absolute magnitudes and virial radii of galaxies for early-and late-type galaxies, respectively. Here, the virial radii of bright galaxies were interpolated from those empirical relations. Second, the faint galaxies only within the expected velocity dispersion range of a possible group are regarded as companions of its central bright galaxy. The average velocity dispersions of galaxy groups along the luminosity of group-central galaxies are given by Li et al. (2012) . By assuming that selected bright galaxies are the central galaxies of possible groups, the expected velocity dispersions of the possible groups are interpolated from Table 1 of Li et al. (2012) . Through this procedure, a total of 199 possible groups are selected.
We define the luminosity-weighted mean color of faint companions (g−r) com to be compared with the color of their adjacent bright galaxy (g − r) bri . Our definition of (g − r) com is:
where (g − r) k is the extinction-corrected color of the k-th companion, N is the number of companions, and W L k is the luminosity weight of each faint companion, defined as:
where M rk is the r-band absolute magnitude of the k-th companion and C is an arbitrary constant.
Here, we restrict the sample to the bright galaxies with at least two faint companions for higher statistical reliability. As a result, a total of 165 possible groups are finally selected. The average number of companions in each possible group is 13 and the standard deviation of color indices in a possible group is 0.116 on average.
Gravitational Potential Index
One of the most frequently used parameters to determine how certain quantities depend on a cluster environment is the distance from the cluster center. However, here we define a gravitational potential index (P ) to quantify the cluster environment instead of the simple cluster-centric distance, because there are two massive galaxies M87 and M49 in the Virgo cluster central area. Both galaxies are quite dominant in the Virgo cluster and thought to significantly affect the cluster members. It is the normalized sum of the gravitational potentials from the two galaxies, as follows:
Fig. 3.-Spatial distribution of the finally-selected member galaxies in the Virgo cluster. Different symbols indicate galaxies with different magnitude ranges and membership classes: genuine bright member (large violet filled circle), genuine faint member (small blue open circle), and possible member (gray cross). The orange solid contours show the X-ray map (Böhringer et al. 1994 ). There are several strong X-ray regions without cluster member counterparts, which are emitted by foreground or background sources. The two red dot-dashed circles are centered on M87 and M49 with their virial radii, respectively. The equi-potential levels are denoted as green long-dashed contours with P = 0.47 (inner contour) and P = 0.25 (outer contour), which divide the area into three sub-areas, A1, A2 and A3. where m 87 and m 49 are the masses of M87 and M49 2 , respectively, and r 87 and r 49 are projected distances from M87 and M49, respectively. For convenience, normalization is carried out so that 1 is the P value at the point on the line connecting M87 with M49, where the summed gravitational potential is minimum between the two galaxies.
In Figure 3 , the equi-potential contours are shown: the inner contour at P = 0.47 and the outer one at P = 0.25. A smaller P value approximately corresponds to a larger cluster-centric distance. In the following plots, we use the inverse P parameter (1/P ), which is a proxy for the clustercentric distance. A large 1/P value approximately indicates a large distance from the cluster center. Figure 4 presents the dependence of the luminosityweighted mean color of faint companions on the color of their adjacent bright galaxy and on the gravitational potential index. In Figure 4 (a), a trend is found that the redder bright galaxies tend to have redder faint companions. For example, (g − r) com around bright galaxies with (g − r) bri < 0.6 ranges from 0.2 to 0.7, while that around bright galaxies with (g − r) bri > 0.6 ranges from 0.4 to 0.75. In Figure 4 (b), however, (g − r) com also depends on P , in the sense that faint companions with smaller 1/P values (closer to the cluster center) tend to be redder. We estimated a linear least squares fit for each panel, calculating the relation slope (a) and its bootstrap uncertainty, as well as the correlation coefficient (cc). The two massive galaxies M87 and M49 denoted on the plots are slightly displaced from the linear fits, to the upper and lower directions, respectively, but neither of their displacements is so significant.
RESULTS
Entire area
The fitting results are listed in Table 1 . Here, it is shown that the slope significance (S ) is as large as 3.07 σ and cc is approximately 0.39 for the (g − r) com versus (g − r) bri relation. Meanwhile, (g − r) com also significantly depends on P : S ∼ 3.13 σ and cc ∼ −0.49. That is, since the (g − r) com is related to both parameters, it is not clear whether the correlation in color between bright galaxies and their faint companions origi- nates from genuine small-scale conformity of possible groups or is artificially produced due to the common environmental dependence of the colors of bright and faint galaxies.
Divided areas
In the analysis for the entire sample, degeneracy is found between the dependence on (g − r) bri and the dependence on the cluster environment. Thus, it is necessary to control the environmental dependence for the investigation of genuine small-scale conformity. If the relationship between (g − r) com and (g − r) bri still appears even after the environmental dependence is controlled, the properties of faint galaxies are probably affected by their adjacent bright galaxies in the Virgo cluster. For this, we define three distinct areas of the Virgo cluster, as shown in Figure 3 , using the gravitational potential index: A1, A2, and A3. A1 is the center and A3 is the outermost part of the Virgo cluster. These areas were empirically selected so that the dependence of (g − r) com on P is statistically negligible in each area. The selected criteria are P = 0.47 (between A1 and A2) and P = 0.25 (between A2 and A3). The boundary between A1 and A2 roughly corresponds to the virial radii of M87 and M49 as shown in Figure 3 . In addition, the shape of the inner contour is similar to the shape of the outline of the central X-ray distribution (Böhringer et al. 1994) . This indicates that the hot gas distribution follows the gravitational potential of the cluster. Since hot gas is known to be an important source of cluster environmental effects (i.e. ram pressure stripping), it is meaningful to use an environmental parameter which traces the distribution of hot gas. Figure 5 shows the plots of (g − r) com versus (g − r) bri and 1/P in the three areas. In all three areas, the red bright galaxies tend to have red faint companions like the result of the entire area, whereas (g − r) com do not significantly depend on the potential indices in any area. The overall trend in A1 is not very different from that over the entire area, but the linear fit slope is shallower and the correlation is less significant (S ∼ 1.75 and cc ∼0.27). On the other hand, although the number of points is much smaller than that in A1, the result for A2 shows a clearer color correlation be- Table 1 .
In every case, the slope significance in the (g − r) com versus 1/P plot is smaller than 1.2 σ; that is, the cluster-scale environmental dependence is almost negligible in all divided areas. On the other hand, the slope significance in the (g−r) com versus (g − r) bri plot is larger than 1.5 σ. Particularly, the S value in A2 is as large as 2.7 σ (cc ∼ 0.50), which indicates that (g − r) com obviously depends on (g − r) bri in this area. That is, it appears that the (g−r) com versus (g−r) bri relation slope is very small and marginal in the central area (A1), but it becomes larger and more significant in the outer area (A2). In A3, the slope and its significance seem to be smaller and weaker than those in A2, but there are too few points in A3. Statistically, the difference in the slope between A2 and A3 is not significant, although, neither is that between A1 and A3.
DISCUSSION
The galactic conformity is very marginal in the central area of the Virgo cluster (A1), which seems to be similar to the result in WHL J085910.0+294957 from Lee et al. (2014) . Since the analysis in Lee et al. (2014) was limited to the central area within 500 kpc radius, the two clusters (Virgo and WHL J085910.0+294957) commonly show only weak signals of small-scale conformity in their central areas (∼ 2 σ significance). On the other hand, the signal of small-scale conformity in A2 appears to be more obvious, showing significance close to 3 σ. In the case of the outermost area A3, as mentioned in the previous section, the signal is very weak due to the insufficient size of the sample. It is noted that the correlation coefficient in A3 is as large as 0.44, which is similar to the value in A2, while that in A1 is only 0.27. This is not a decisive evidence of small-scale conformity in A3, but it shows a possibility that a clearer signal of conformity may be detected if a larger sample is available. In this paper, however, because the uncertainty for the result in A3 is too large, we will focus on the results in A1 and A2. These results show that small-scale conformity is weak or somewhat ambiguous in the inner region (roughly within the virial radius), while it seems to be more obvious in the outer region of the Virgo cluster.
Note that, in Section 3.1, the average standard deviation of color indices in faint companions around a given bright galaxy is 0.116. This value is only approximately one fourth of the (g − r) com distribution over the entire sample, which ranges from 0.25 to 0.70. This small value of the average standard deviation of color indices implies that the faint companion galaxies in a possible group tend to have similar properties rather than have randomly mixed properties, which is consistent with the expected small-scale conformity. Lee et al. (2014) suggested three scenarios regarding the origin of the small-scale galactic conformity in a cluster. The first is the "tidal dwarfs" scenario, in which the massive galaxies are partially torn out by tidal interactions with many other galaxies (harassment) or the cluster potential itself, forming many low-mass galaxies that may be the faint companions we observe. The properties of these low-mass galaxies must be similar to their host massive galaxy because they have been a single galaxy. If this scenario is correct, the conformity may be detected better in the inner region than in the outer region of a cluster, because the tidal force by a cluster is stronger in the inner region and more numerous massive galaxies exist in the inner region of a typical cluster, which may cause stronger harassment. However, this does not agree with our results that show an exactly opposite trend. Furthermore, the feasibility of the scenario itself needs to be confirmed, particularly regarding how efficiently such tidal dwarfs can be formed in a cluster.
The second is the "dwarf capture" scenario. Here, the massive galaxies are thought to capture low-mass galaxies near them and form a new small-scale galaxy system (Bassino et al. 1998; Dinescu et al. 2000; Bertin et al. 2003) . Within the new system, which may corresponds to our possible groups, the properties of the bright host galaxy and its new faint satellites may come to be similar because they share the same small-scale environment and may interact with each other. However, this may be less likely to happen as the cluster-centric distance decreases, because the relative velocities between galaxies become higher. On the other hand, the capturing events may occur more easily in the outer region, where the relative velocities are moderate, and thus this scenario seems to be consistent with our results to some extent. However, one critical problem is the timescale for the captured low-mass galaxies to sufficiently interact with the massive galaxy. To form the small-scale conformity in this way, the time scale of galaxy interaction should be much shorter than the timescale of galaxy infall. Another problem is that the galaxy number density decreases with increasing cluster-centric distance, which means that the probability of capture also decreases. For the second scenario to be shown to be plausible, the effects of these two aspects should be made clear.
Last is the "vestige of infallen groups" scenario, in which the small-scale conformity in a cluster may be the vestige of infallen galaxy groups, but it disappears as the groups come closer to the center of the cluster. This scenario is based on the hierarchical large-scale structure formation, in which a galaxy cluster grows by merging smaller systems such as galaxy groups (Press & Schechter 1974; Gott & Rees 1975; White & Rees 1978) . If a galaxy group falls into a galaxy cluster, the smallscale conformity may survive for some time after the infall event, but as time goes, the conformity will be continuously weakened by cluster environmental effects. If the galaxies closer to the cluster center are those that have fallen into the cluster longer ago, this scenario predicts stronger smallscale conformity in the outer region than near the center. Hence, this scenario is quite consistent with our results. If this scenario is correct, the small-scale conformity in a cluster may depend on the dynamical stage of the cluster. For instance, dynamically younger clusters may show more obvious small-scale conformity, because they have more newly infallen groups, while dynamically relaxed clusters may hardly show small-scale conformity. Since the Virgo cluster is known to be dynamically young, more studies of galaxy clusters in various dynamical stages will be very helpful to confirm the origin of the small-scale conformity in a cluster.
Finally, we discuss several caveats in this study. First, we applied a magnitude cut (M r ≤ −18) to select possible group-central bright galaxies, but this simplistic criterion may not work perfectly. That is, neither all galaxies brighter than -18 magnitude in the r-band were central galaxies of groups, nor were all galaxies fainter than that Note.
-(i) Original magnitude cut.
satellite galaxies. Since it is technically very difficult to resolve this issue, we rely on a statistical approach for better selection. Lan et al. (2015) investigated the galaxy luminosity functions of groups and clusters at z ∼ 0 over a very wide range of luminosity and halo mass using the SDSS DR7 data. Their results show that the field luminosity function is dominated by the contributions of group-central galaxies at magnitudes brighter than approximately -18 mag in the r-band, while it is dominated by satellite galaxies at magnitudes fainter than that ( Figure 7 in Lan et al. 2015) . Such variation is reflected in the change of the luminosity function slope around M r ∼ −18: the luminosity functions of central and satellite galaxies have different shapes. Hence, our selection of bright galaxies is statistically appropriate, although it is not perfect. We speculate on the effect of falsely selected central galaxies and satellite galaxies. In the case of a falsely selected central galaxy, even though it is not a genuine central galaxy but a satellite in a larger group, the falsely selected group (the falsely selected central and its faint companions) may be a part of the larger group. Thus, if conformity exists in the larger group, it may also appear in the falsely selected group, which implies that the falsely selected central may not affect the result significantly. In the case of a falsely selected satellite galaxy, it may weaken the conformity because it is not a genuine member of the possible group we selected. However, such an effect may not be significant because we use the mean color of faint companions, a large fraction of which is expected to be genuine satellites. To examine our speculation, we tested various selections of magnitude cut in A2: from -17.0 mag (more falsely selected central galaxies) to -19.0 (more falsely selected satellites). The results are consistent with the original result as shown in Table 2 . That is, the falsely selected central galaxies and satellites seem not to affect the result significantly.
Second, in our definition of possible groups in the Virgo cluster, some faint galaxies were regarded as the companions of multiple bright galaxies at the same time, which may affect the signal of the small-scale conformity. We speculate that such an effect tends to weaken the apparent small-scale conformity by confusing the small-scale membership, rather than to strengthen it by mere coincidence. Such an effect may be strongest in A1, because the galaxy number density is highest in the cluster center. We also examined various selections of magnitude cut (from -17.0 to -19.0 mag) in A1, to examine the effects of satellite duplication. Although the change of magnitude cut does not significantly affect the result as discussed in the previous paragraph, the smaller (brighter) magnitude cut reduces the number of possible groups and thus reduces the number of duplicated satellites. The results show measurable variations: no dependence for -17.0 and -17.5 mag cuts (more duplication), while more obvious trends for -18.5 and -19.0 mag cuts (less duplication) as listed in Table 2 . This indicates that satellite duplication may have weakened the intrinsic conformity in A1, by increasing the number of false satellites in each group. Thus, the conformity in the cluster center may be stronger than our measurement. However, it appears to be still weaker than the conformity in the outer region, which implies that our conclusion may not change.
Third, the P parameter considers only the gravitation of M87 and M49, despite the existence of more relatively massive galaxies in the Virgo cluster, such as M60 or M86. This is because we focused on the most massive galaxies that significantly affect the distribution of the intracluster medium in the Virgo cluster. As shown in Figure 3 , the hot gas distribution (traced by the X-ray map) is determined mainly by M87 and M49, whereas the importance of the other galaxies seems to be relatively weak. This indicates that the P parameter we defined may reflect well the effect of the cluster hot gas (i.e., ram pressure stripping).
Fourth, although the statistical uncertainty is very large, the slope of the (g − r) com versus (g −r) bri relation in A3 appears to be smaller than that in A2. If the small-scale conformity in the outermost area is actually weaker than that in the intermediate area, it would indicate that the conformity has formed during the infall process, not in-situ; that is, it would support the "dwarf capture" scenario rather than the "vestige of infallen groups" scenario. This is not confirmed in this paper, and moreover it may not be easy to check this in other clusters, because the galaxy number density in such an outermost area of a typical cluster is low. A stacking analysis for multiple clusters could be tried, but it too would be challenging.
CONCLUSION
We carried out a study on the Virgo cluster to understand the small-scale conformity between bright galaxies (M r ≤ −18) and their faint companions (M r > −18) in a cluster using the EVCC and the SDSS DR12 data. In the entire area, the luminosity-weighted mean color of faint companion galaxies (g − r) com depends not only on the color of their bright central galaxies (g − r) bri , but also on the cluster gravitational potential index P . To examine the genuine (g −r) com versus (g −r) bri relations when the cluster-scale environmental effect is controlled, we defined three sub-areas (A1, A2, and A3), in which the dependence of (g−r) com on P is almost negligible. The small-scale conformity appears to be obvious in A2, whereas it does not exist or is very marginal in A1. In A3, the result is unclear due to the insufficient sample size. Therefore, we conclude that the small-scale conformity of the Virgo cluster galaxies is very weak in the inner region but it is more obvious in the outer region. This result is consistent with the "vestige of infallen groups" scenario, although the "dwarf capture" scenario cannot be rejected explicitly. To confirm the origin of the small-scale conformity in a cluster, more studies of galaxy clusters in various evolutionary stages are required. Owing to the fact that the Virgo cluster and the previously studied WHL J085910.0+294957 are both thought to be dynamically young, case studies for dynamically relaxed clusters with reliable spectroscopic membership information will be particularly valuable.
